Abstract-The stability of the conduction regime of natural convection in a vertical slot has been studied analytically. For Pr .C 127 the instability sets in as horizontal stationary ceils. The critical Grashof number is nearly independent of Prandtl number. For Pr > 12.7 the instability sets in as a travelling wave. As the Prandtl number is increased the onset of instability approaches the correct limiting solution which is constant as a function of GrPr1'2.
For large Prandtl numbers Gill and Kirkham [4] found the instability to set in as travelling waves. with a non-dimensional wave speed equal to 8.5 x 10e3. This value is about 6 per cent higher than the maximum base flow velocity. The relation Grr = 9.4 x 103 Pr-% (11 summarizes their numerical results for the conduction regime, giving the asymptotic limit for the onset of instability as the Prandtl number approaches infinity.
The aim of this note is to give the results for the intermediate values of Prandtl numbers and in so doing bring out any novelty the transition region might have.
FORMULATION AND SOLUTION
A fluid of kinematic viscosity v. thermal diffusivity a, and coefficient of thermal expansion 7 is considered. The fluid is contained in a narrow vertical slot. the vertical walls of which are at uniform but different temperatures. A Cartesian coordinate system is fixed at the midplane of the slot in such a way that the positive z-direction is vertical, opposite in direction to the gravity g. The side walls are at x = + L/2, where L denotes the width of the slot. If the slot is closed from the top and the bottom the basic fluid motion which develops. as a result of a small temperature difference being imposed between the side walls, is parallel (except near the ends of the slot) with rising fluid adjacent to the hot wall and sinking next to the cold one. Defining the characteristic velocity of the thermal motion as U = ~~A~~j~. where AT is the difference between the side wall temperatures. the :-component, being the only non-zero component of the fluid velocity. is given by
The temperature distribution follows the linear
where 8 ZE T -T,. with T, as the mean temperature of the side walls. For the subsequent equations no special symbols are used to distinguish the dimensional variables from the dimensionless ones. This should cause no confusion.
If we consider small perturbations to be introduced to the basic flow, the linearized equations governing the spatial and temporal behavior of the perturbation quantities (denoted by primes) take the form 11' = y' = w' = 0' = 0 at x = f +.
The scaling, which is the same as used above with the addition of p/v for time, results in the parameters Grashof number Gr' = trL/v and Prandtl number Pr = v/a to be present, It has been shown by Vest and Arpaci [3] that for the present problem the critical disturbances are independent of the y-coordinate. This allows the stream function to be introduced through the de~nitions Assuming now that the disturbances have a z-dependence in the form &x, 2, t) = &x, t) exptitrz),
eliminating the pressure, and letting D = a/ax, the equations (4)-(g) readily reduce to
+=r>+=e=o atx= sf+ 04)
The Galerkin method was used to solve the system (12)--(14). An orthogonal series for the stream function was constructed from the C and S functions discussed by Harris and Reid [5] , Trigonometric functions cos,(x) = cos(p,x) and sin,(x) = sin&,x)
where p?n = (2m -1)~ and km = 2mrc (m = 1.2,. . .)
WI
were used for the expansion of the temperature, In the two series 
The vector X consists of the coeftients of the series (17)- (18) and the matrices A and B quantities resulting from o~hogon~~ization. Due to the form of equations (12)-713) the elements of A and B are real. The onset of instability for'the flow was determined by either solving numeri~alIy for the 4N Eigenvalues associated with an N-term expansion or, in the stationary case, investigating the sign change of the determinant of the matrix B.
DISCU~I~N
In using what is a convergent procedure for obtaining the solution, one relies on a rapid convergence of the constructed expansions in the parameter ranges of interest. The use of simple ort~gon~ functions does not necessarily lead to a satisfactory meeting of this requirement as was evidenced by Dolph and Lewis [6] in the analysis of the plane Poiseuille flow and by Gallagher and Mercer [7] for the plane Couette flow. In both investigations it was found that as the product uR (or being the wave number of the disturbance and R the Reynolds number of the base flow) was increased, the convergence deteriorated.
The reason for this becomes obvious from a WKBJ type of analysis [S] which shows the rapidly oscillating nature of the solutions when UR is large5 as well as their steep variation near the turning points of the equations, To account for all the harmonics in a complicated solution a large number of terms have to be included in the expansions.
These arguments can be extended for the present problem directly when the Prandtl number is zero for then the energy equation can be disregarded and one is left with an Orr- Sommerfeld type of equation with a cubic velocity profile. As it turns out, and the results in Tables 1 and 2 verify this, the product aGr is low enough at the state of marginal stability to insure rapid convergence. The same is true. as is In light of this, it would appear reasonable to obtain a simplification to the equations (12~ (14) for a large value of Pr. This was done by Gill and Davey [9] in connection with a related problem concerning the instability of a free convective boundary layer. Their work was extended by Gill and Kirkham [4] to include both the convection and conduction regimes of natural convection in a vertical slot. The results of Gill and Kirkham have been cited earlier and besides the onset of instability occurring now as travelling waves, there is a Prandtl number dependence (see equation (1)) which was largely absent when Pr is small. This indicates two different physical mechanisms of instability. In fact, by calculating the a energy integrals Hart [lo] showed that as Pr was increased there is a tendency for more of the disturbance energy to originate from the potential energy associated with the buoyancy effect than as transfer from the kinetic energy of the base flow by the action of Reynolds stresses. The than the stationary one, might already exist for of Prandtl number. The dimensional wave number is Ld(-1 Pr = 2. As this mode, according to equation (1) would also be associated with lower values of Gr when Pr increases, the convergence of the series might not be intolerably slow.
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The results of our calculations, summarized in Fig. 1 , indeed confirm this. The transition to the travelling wave regime was noted to take place at Pr = 12.7. Through the transition, as is shown in Figs. 2 and 3 , the wave number drops from 2.8 to 0.8 and then increases again for higher values of Pr. The wave speed, being zero for Pr -c 127, assumes a value of 7.49 x 10d3 after the transition and continues upwards as 
Pr
Pr increases. An example of the type of convergence obtained in this region is shown in Table 4 . The Eigenvalue given here corresponds to the critical mode slightly beyond the onset of instability. As it was felt that ten terms in the expansions gave satisfactory accuracy on the calculation of the amplification rate to estimate the critical Grashof number to be within 0. To give an indication of the Eigenvalue spectra, Figs. 4 and 5 for Pr = 5 and Pr = 50, respectively. are included. Following Rudakov [2] the Eigenvalues are labelled as isothermal @-levels) or non-isothermal (v-levels) in accordance with whether they originate from the momentum or the energy equation, respectively. This identification could be made conveniently since for Gr = 0 the two equations become only Ioosefy coupled. At low values of Grashof number all the Eigenvalues were found to be real with the first four. for Pr = 5, and the first thirteen, for Pr = 50, originating from the energy equation. An increase in the Grashof number resulted in these combining into complex conjugate pairs. The wave speeds corresponding to the complex conjugates are shown in the lower portion of the figures and are scaled by a factor of (ctGr)-' to facilitate com- parison with the base flow velocity. For Pr = 5 the lowest isothermal level combines first with the fifth non-isothermal one but bifurcates upon a further increase in Grashof number into two real levels again. The lower branch of this bifurcation determines the point of instability.
As the non-isothermal levels are brought down with an increase in Prandtl number there comes a point at which the lowest non-isothermal levei becomes the critical one. This occurs at Pr = 12.7 and the mode of instability near this point depends on the relative ampli~catio~ rates of the stationary and travelling modes for a given value of Gr.
to 12.7 the wavelength of the critical waves is about eight times the width between the walls, this diminishing to about twice the gap width as the Prandtl number tends to infinity. Finally, as the Pr is increased the instability becomes more thermal in its origin.
